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Abstract 



PURPOSE:To increase rise-up of gm in a transmission characteristic of a FET for a voltage Vgs-Vth and 
decrease the voltage Vgs-Vth of which a maximum value is gm by a method wherein concentration of a 
delta dope layer is increased towards a semiconductor surface in the opposite side to a semi-insulating 
substrate, etc. 

CONSTITUTIONS non-dope semiconductor layer 4 and a semiconductor layer (carrier supply layer) 5 
existing in the semiconductor layer 4 in which impurity atoms supplying a carrier are distributed with a 
thickness of one atom or several atoms are provided on a semi-insulating substrate 1, and the 
semiconductor layer 4 and the carrier supply layer 5 are used as a channel layer. Further, a thickness 
between the carrier supply layers 5 within a channel layer is decreased in a direction from the substrate 1 
side to the semiconductor surface, or concentration of impurity atoms of the carrier supply layer 5 within the 
channel layer is increased in a direction from the substrate 1 side to the semiconductor surface. A Schottky 
electrode 8 and a source/drain electrode 9 are formed to make a FET. 
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(57) Abstract: 

PURPOSE: To increase rise-up of gm in a transmission 
characteristic of a FET for a voltage Vgs-Vth and 
decrease the voltage Vgs-Vth of which a maximum value 
is gm by a method wherein concentration of a 6 dope 
layer is increased towards a semiconductor surface in 
the opposite side to a semi-insulating substrate, etc. 

CONSTITUTION: A non-dope semiconductor layer 4 and 
a semiconductor layer (carrier supply layer) 5 existing 
in the semiconductor layer 4 in which impurity atoms 
supplying a carrier are distributed with a thickness of 
one atom or several atoms are provided on a 
semi-insulating substrate 1 , and the semiconductor layer 
4 and the carrier supply layer 5 are used as a channel 
layer. Further, a thickness between the carrier supply 
layers 5 within a channel layer is decreased in a 
direction from the substrate 1 side to the semiconductor 
surface, or concentration of impurity atoms of the 
carrier supply layer 5 within the channel layer is 
increased in a direction from the substrate 1 side to 
the semiconductor surface. A Schottky electrode 8 and a 
source/drain electrode 9 are formed to make a FET. 
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(57) »»] 

[B»] F E TOSi»ttl;*lJ 5 h 5 >X3 >^j> 
9 >7> gmO«JEV g s - V t h tc2#-f5&± 

EVgs-Vt hro/jN3^FET£ffl^&¥$#8E£ 

mm*. 

3^r*;Wi*«tt6**y70tME#tf ©«<£>*, J: 
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(2) 

1 

H*ffM*0ttH] 

[MMi] ¥«ifttts«±fc, y>F-7«>¥2*#ja 
#«&f status?- a< i ■i ; pav»bwi(T»ows-p» 

#L£¥iJJ#E (**<J7{ft*&E) £-Bt>L<teffi8 
JMTU ±E/>K-:7Wi*#jS:fc<fctf±E=**'J7 

Y*;Hl*J©±B** 'J 7&*&lf ©*M$Jlg^©iaaa« 

[MM 2] ±iB5 i Y*;nrto±fB*r , J7«i(i&i» 

h-:/©*mwwi©jp«*«, ±G¥«wiSfiicfliv»fli a? 

■c* a < & o t w « c t «wk t -r 4 mm i e«©¥ 

[MM 3] ±E^+*JWirt©±E**U7ttl&B© 
3 *«*»*©** ±E¥85i@fc1*gffifr 
e±K/>F-:/©¥$#afcfi^5#ftK:fctt3, ± 

E^ir *jps©jpa©t'*©ffia«k o fc4>fc< t h±m 

aMMlE*©¥iJJ#§£fi. 
[MM 4] ±ey**JPMrt©±B*lrU7«»M© 

5%, ±E¥lfij&ttg£»c£*>iBV>±E**'J7{Htf&® a 
1 2 Si KifiV»±E*lr U 7tt«&« fc fc**«afc±Ey 
>F-:7©*MMWi©JMI4. ±E¥*fii&tt««(;:g'fe 
3v>±E*-v 'J 7m&mt 2SB lc3gv>±E* v 'J 7* 
*&^i:»C»*nfc±Ey > H-^©*MMW©*a J: D 

*#fr>c£ttM£r«imiEtt©¥*ft£B. 

fc, ±E^**AMtlfcMl/T, atfflftRraJl&SJMI 

»H KfQA'U7§) j&^JS3*ITV>5 <h 

-t*mm i l 4 ©nr n*»fcE«©¥»*sa. 

[MM 6] ±E^yn;tU7S©« : f L S*iA»a. ±B 40 

±E?+**Mt±E*«»ttWRfc©Hl 
fc. ±E**'J7«Ml*6««Sn**rU7fcttK 
»»«S©**U7*«»**M***0*W(Mi (K 

3MM l fcv> U 4 ©vvfn»CEa©¥WMftB. 

[1M8] ±E?Y*^at±E¥«jstta«t©m 

K. ±E^**Wffc©^T*i#©¥»{WIfclt«L 



#BI¥6-3 4 9 8 6 0 

1*tt*KE«©*«WM«. 

[MM 9] ±E^yn;'Cy77Ji©««l»*Jt. ± 
E^^+^HWO^f n*©¥»*JB©««»i*i 0 

t>*3 u c t SftSi £1"*MM 8 B*©¥SS#gfi. 
[MM10] ±E¥*6iRttS««GaAsT<6t). ± 
E?V*;HttGaA8t>l/<ttI nxGal-xAs 
±E^f aniJTlHA 1 y G a 1 - y A s % 

aAstiKlilnxGal-xAsfeKliAlyG 
al-yAs-?*D, ±f3Af DA , »;77lttGaAs 
fcKttA 1 yGal-yAsT?*5Ct»Stn 

mm i b 9 ©v*iYi»cEB©¥WftSB. 

[MMl 1] ±E¥ffij&te£fcttI nPT*t), ±E 
^-f^-MBttl nxGa l-xAsTftO. iE'vrn 
A*'J7SttI n z A 1 1-8 AbT»*0. ±BE*f3JS 
IA5/7r@liI nxGal-xAsTftD, ±EAf 
n/ty7rlBl nzAl 1 - z A s "Cft-SC <h£#& 

tfSMM 1 9 ©»rn*eE«©¥*tttt 

a. 

[MM 1 2] ±E?ir*;Wi©JP***l 0 nmOTT 

£*©¥*#£«. 

[MMl 3] ±E**U7«9MKW*aji*5nmKT 
T*D. ^±E+^U7«il&)iWRI©±IE^l Onm 

aTT?*«j:t«iM»tr*ii*HiawLi 2©t»r 

[MM 1 4 ] ±B** <J 7ttm^ U < telEJfC** 

©*«#ga. 

[MM 1 5] MM 1 fcl^b 1 4©wm*fcE*© 

[MM 1 6 3 MM 1 & 1 4 ©tvf *i*»KE«© 

TVJ«*»#«ttK*V»T. 4>tt<fc*>HH©«JH»* 

I- 5 > v X 9 iflm ©«##>« h7>-^^t fi£*faSS 
MO** •J7!S«g 1 ir*;Hi«*fff*«jMS*h9>S? 

[MM 1 7 ] ±Bfl#34 £ h7>^X^ ttS^WJCSE 

ttatiTv»*i:t*«M»fr*»«gii sxtti 6Eis 

[MMl 8] iE^JSi&ttS^^Y^HtttS^ 
«©*B±KmijWRtt6nTV»*Cit4»«i:-r*ll 

m i 1 7 ©fr>r?i0»cEft©iimflttB. 

[MMl 9] ±E*«itttS«©9 i Y*;i'» ttefctt 
ffl©*B±KR(J6ftfcM«»»**nTt>*Ct«» 
atfSMM 1 l 8 ©V>m#lcE«©¥*# 
SB. 

[»M©pai?5:S2K] 
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(3) 



*fBB¥6-349860 



[0 0 0 1] 

oar, FETtm?) £*rf s^sftgnicig-r*. 

[0 0 0 2] 

[ft#©Sffi] S«E> tT. fc£tt¥ 

*fl£FET«:fflV>&ft»[|iIK*tBlfSSnT*D. *©* 
ailI»©1tl6Sl6]±a'&?.&»IC, fc£»¥*#FET 

©HttflBfc©W£B§55a<£M::fT&tottT^s. fet 

©!^IM:fc:&»t*«Hffll«©-"3ilxT. 
>^f^>7. (gm) CD|6]±lC@|-r5W56^WS^t 

• V ' yjXj 97s (Japanese 

Journal of AppliedPhysic 
s) J 2418^ (1 9 8 5) L6 0 8H(*l3i($nT 

it*nmmifrFm9-**ji'maiifi. wmw- 1 - 3 o 8 o 
8 2 *4miic, 5 i ■«ttfc9 t **;ma«» 

ftBl¥l - 1 8 6 6 8 3<M«IICB«anTV»*. 

[0 0 0 3] 

Li 3 fcTSMffl ±B«3lESIII*fflV»fc 

StitKi-DTtt, FET©ftW»ttfc*»*«h9>X=i 
>y^^>Xgm (3 I d s/dVg s : HW>«S 
I d s &y- r-«EEV g s -C«»l,&t>©) ©y- h« 
EVgs(C^-r-5i±D*©il«tt (FET©L3WI 
«BEV t hSS*PtU gtFET©y-hSEVg s£ 
RFET©L3VMB«JBEV t h«»6iEflHC^fl:S-e-4** 
D= $ x • n (x) dx/S n 
(£fc*U xtt¥IOftttrefciiJ^ffl©¥*4MB# 
&©!£», n (x) HKItxCfcttS+irUTJME'e* 

[0 0 0 7] *3iW©'b:3fMi*H5ftjiv»TRwr 

4. 05tt, H8tC^Ufc«jilOFET (5^*;USf» 

fc a h- 7i#-iwwrt-*«fc) ©«EVg s -v t 

hfc»T*gm©BMMre**. gmli #«ig»C*5l-t 
«gm©S*f (gm, max) TjfctWbl/fcffiTjSl/ 
T**. 08^bfc«ji©FET©fPH^IC^ViT 
(i&Ti^*. CS 5 fcfcttSftttJS 10 1. 10 2, 1 
0 3©a^e^^JWit&Sun - I nxGa 1 - x 
AsJS2 4 (x = 0. 5 3) ©JS3T&-5. un-In 
xGal-xAsB24 (x = 0. 5 3) ©JSSSjSf 
¥JMM£Stt4l&£tf3'9 y h*-SffifflJ©)i# 
"C. «M4«1 0 1-CI17. 5nm*3i)^2. 5nm. 1 



*^IC*V»T. y-MMEVgs©L^Viffl«BEVthlC 
MTZg (Vgs-Vth) fc#T*gm©iWn*> ifi 
teTU J.t3&FET©gma*&*flt£fc-5«JEVg s 
-V t h*t«^-r5fc»C, gm#fi*It&58SV 
gs-VthfcfcJtaHM >«**«;*:*< &D, tmi 

[0 0 0 4] #$69i©B««. ±j£©FET©£j$#tt 
K*lt^h7>Xri>^^>Xgmffl«ffiVg s -V 
t hCOT«*LkD#©&*tt**«<U fl.^KFE 
i0 T<Z)gm#g;ttii£&£tasEVg s -V t h©4v£HF 
ET*«t»fcJHI»««*Jl«r'Si:ifc**. 

[0 0 0 5] 

[Slffl£#fc-rs&«>©^8] ±gBi«te. 

W#JB+fc« H-^Ji*»i«f*lilc. *©?+**■ 

tft!)/> H-^ , Tafe5¥^H'f©J?5^[njlifcV5 

+ 'J7©»ffi»*©S<C'>©fi[BIX-3^Ttt. *©JS-ei« 
[0 0 0 6] 

[fpffl] **wcj;tttf, FET©e*wtKi3W-*g 

m©, «JEEVg s-V t hfc#T*5LkD2r©5&««:£ 
*#<U aoRFET©gm**»**t&**JEEVg 

s-vt h*/hs<-c#*. *©«*«, ¥«#3kn» 

30 6*1r'J7««»#©»i>*Tr©BiD*Jk*T*t> , i- 

t. 

(x) dx (1) 

0 2T?li5 nmfei^5 nm. 10 3TB2. 5nmi5 
<ktf7. 5nmT?*5. « H-7 P ®2 5©«S*i^u 
n-InzAl 1 - z A s jf 2 6 ©JPS teftttH 1 0 
1, 10 2, 1 0 3fc#UTra-*friL.fc. B5fciS 
^Ttt. em*»£:*ffl£&S«EEVgs-Vthtt. & 
fillOl ©#*«#«« 1 0 3 i-lt^T)^ 0 . 15 V/h 

7* saaf it* ct-e (wtiio 

1), gm©€J3EVg s -V t hK*rr*i±9£©ft 
TSfWHtU *»-3gm*»«**tft*« 
EVgs-Vt h«/Jv£<-r«flUltT«. L£jfi«o 
T. gm*tg*fllta4«JEEVgs-Vtht*^«H 

[0 0 0 8] *KBBt«MT, ±5$ (1) l:£»t«E 
«DigmOM«S§t. ±5£ (1) l£*3tta**'J7 
50 iftgn (x) tt. «£«c : &r-'U2^7CxA , 'fX->5iU- 
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(4; 

5 

~>a> GttS ry>r . h^>lf^> 
a> • hn> • r/M'>X (IEEE T 

rans, Electron Devices) J E 
D-36tl0f (1 9 8 9) 2 3 0 7M\ZtSX> 
0frl£b£o n (x) OttJItt, H8®ttSA-B££ 
HTfr&oft. D=0ifc*ttBtt, ~>3^F*-®ffi 
8tun-InzAl l-zAsg26 ORWV$>%>* 
BIIDtt, SJEEVg s -V t h = 0. 4V, HK>- 
7-XfTOJBEVd s = 1 VK^tSv^l/— > 3 >*£ 
**6IH|Cb& 0 H6*OjjSll 0 1, 1 0 2, 1 0 314 10 

-en-en^5^co!Rrtt*9i o i, 102, io3ic#£ 

UTViS. H6*(D4*ttiil 1 U4> JEBIDfCttbT, 
Sgm = A + B/D (A*$£tfB*4£») S, £»A£ 
*tfBegfcSttTB6+0jftl 0 1, 10 2, 103 
\zy<< >sf2tt*>(DT?&Z> a H6*6, gm[4 

l/DJceKJfc«-r*Ci3j«to*S. Ife^T, (5F 

tt, JBiDS/Jx3<U gm8**S«#»*t«. 

[0 0 0 9] H-^S^ttSc^ftl" 
SS^C^ViTfc, H9fcU<»4Hl 0©«it©FET 20 

&ftmTft\i. g mcosE v g s - v t h ic*#-r S£± 

Vg s -V t h*/h3<TS£i*tT**. H9, 10 
[0 0 10] 

[£1KM (£)fim> **WOS«M»!10FETftffl 
V^¥«#Sfl|ft v @2fcV>b^4, * < k«Hlfc,t0 

[0011] LEC (Liquid Encapsul 30 
ated Czockralski) ttfc«fcoTfeBb 
fc¥»BttGaAs*ISlfc, MBEj*te±D, 7>F 
-^GaAs|2 0l$3 0 0nm) , piGaAsi 
3 0PS1 00nm;^ffia<!:LTBe§lxl0 17 c 
m-3£*rt , y>H-^GaAsi4 (Wl. 5n 
m) , <5 F-7JB5 (S iKTMWl. 3 3X 1 0 12 
cm-2), ;>H-yGaAs§4 (JP£5. On 
m) , 6V-7I§5 (SiS^ffiSgO. 3 3X1 0 12 
cm- 2) , ;>H-^GaAs|4 0P22. On 
m) , <5F-7@5 (SiKTMBft3. 3 3 X 1 0 12 40 
cm- 2), />F-:/GaAs H4 (US1. 5n 

m) £jn#cj£g$-fr& m2) o £ £*e\ y>F-:/G 

aAsI4^y(5H-^l5H ^^^VBfcft^ 
pS!GaAsli3©pa!^tt**||fl|-r«fc8&K, 
«tt*«fc*fcifivsa H-^«*6M««1. oxio 

S§«[c2tbT, ¥«ftttra*5S«&»d F-7B* 

£ffi»ft*53. 0X10 lJ cm-2^CQ+tU7^« 
^n^o Ifc^oT, *9limifc*^T. 3Jf#«f 

« <5 H-^«-r^T36*s*n-€ r nffiiitto. 33x10 50 




&BB¥6-3 4 9 8 6 0 

1 2 c m- 2 U Tifimm\,< 

[0 0 12] JJcK, DxyHyf>yttl:±r3TFE 
T0*^*«ift*«fcftHArT?, 2 0 0 nm£D» 

M&JRfcttWS i x (9>9?sT> 9 sW<i F) 

0nmOt-Sy9iil»jS« 
»1 0«F9-f Xy^>^ftKJ;0*jSb& (03) . 
[0 0 13] MOVPE (Metal Org 

anlc Vapor PhaseEp i taxy) S 
W0niGaAsi7 (6 0 nm ; bTS i 

^5xi0 is cm-3tt?) «SKA5l/^ (H4) . 

[0014] jfc^-c, y-x«**itfHi/>f>«ttt 

ft**-Syir«*9ft»riELTFETe»d6bfc (H 

1) o 

[0 0 15] ***|f!l tffl^SCtT?, 
SJEVg s -V t ht»-r«gm<Dft±D*©3a«ltt& 

[0 0 16] #*1S«|1TI4, &<5 F-!/Ji*>SKHW 
bVs««©*irU7*«»±T-&«IJfitar3T^*39«, 9B 
£****U7«)«*ft#0 F-7Bfc*t*T**Tfe 
#*fcfcK y-MS^5y 3 7 h*-«S8(wct 

a^^<-T^^i:T> «EVgs-Vthfc*t-f*gm 

<z>£± o At* < "T *. 

[0017] **win:*^ ftwi^^y 

> F-7G a A s MA hV- YW&tfcZisn y h3r— 
9M8 ttDWz; >F-?A lyGa 1-yAslSA 
7 L n;tU7BtbT#PAbfc«fi6ibT* < tV». Afa 

[0 0 18] H2fc»b&»a«jfik:*(t-&y>F'-^ 

GaAs@2 < hpSGaAsi3i«:, 7>F-7 P 
AlyGal-yAs@ (^tty = 0. 2&HbO. 

««bTt>«kV>. Fy-hWEtfiH 

F W >3 >y^^ >X g d $^#1" 
*&, piGaAs@3^plAlyG 
a 1 -yAsB (ifiJ*ity = 0. 2ft:^bO. 4 5g 
ft) fcB#*ATfeB«<0»«)W**. 

[0019] mmm2) saB«2fc*»s* 

*#KB©BrffiHT?»5. ^JSW2*4, USSWlOXg 
^(HtH«fcbTffJ«T!#S. **«2TJ4, 
GaAsSffilL MBE^tC^O, 7 >F-^Ga A 
s^2 095 3 0 0 nm), pIGaAs@3 (JP* 1 
OOnm; ^MtlthbTB e^lX10 17 cm-3^ 
If) , 7>F-^I nxGal-xAslH OPS 
7. 5nm ; ifcJ8ffcx=0. 2), d F-^Ji 1 5 (ffl 
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7 

J8fi5 x 1 0" cm- 2) , y>H-^I nxGa 1 - 
xAsH14 (#32. 5nm;fflJdcifcx = 0. 2). 
y>H-7 r A 1 yGa 1 -yAsIl 6 CPS 1 0 n 
m ; Sfl^Jty = 0. 3) £H&j6fcgSitfc. ZZr, J 
nxGa 1 -xAsBl 4te«fc^fi H-T'S 

1 5fi, 

[0 0 2 0] **Jfi«a2©**#:««S:fflViT'fe, £J6 
Wlt^lC. S£EVgs-Vth(C»-r*gm©55[± 

*tei:&*SffiV g s - V t h < i: i*»-c* 

[0 0 2 1] #*280|2tt. ?**;Uli:fcS./>F- 
^InxGal-xAsSl 4 i^- httffi<fc&5->3 
y h*-«ffi8i:©M(C/>H-^A 1 yGa 1-yA 
s E 1 6 * 'Vr n ;t U 7M t Lxm X V fc#|j£ t ft o T 

[0 0 2 2] *HJSW2-ett, ¥*6il§ttt£«iJiii 

[0 0 2 3] #*ft«2K:*5^T», ?**)lBtl£Z 
jyY-~f\ nxGal-xAsll 4©l£(£Jtx£ 
0. 2<iLTlA-5a*> i£fKtt;x£0. 2 .£ D*£fcfia,!: 
LT<b«fcV>. *©«£«** U7©&»«a<*£<fcs 
©T gmS^Sii-SSJm^**. 

[0 0 24] 07IC*ltSy>H-yGaAs®2i:p 
!GaAsI3 t©MC, 7>H-^A 1 yGa 1 -y 
AsJl a&f*Jty = 0. 2fcV>L0. 4 5g£) SJ*A 
U&SliiS^iieSfflV^cFET> -feKSpHGaA 
sS3£pS!A lyGal-yAs@ (iffi/jKJty = 0. 
2&V>L0. 4 5@«) fCES&AfcfcigSfcO&Sffl 
F E T £. *-f Hy- httS&ttflttSft* 
«WEE t FH>3 >999>7> g d &3StSf*«!l&# 

[0 0 2 5] 071C*^T. y-hSffiifc£->3;/ 1- 
*-Sffi 8 ©JffiffiftiS^ ^nlGaAs§7 ©SSSfriS 
tc55*T©y>H-^Al yGal-yAsil6S 
|5**U *<D®£®ft\ZnM*m»m (WAtfnUA 1 
yGal-yAsg) «JMSl/t'bJ:lr». ■?•©«#«> 

[0026] mmm 3 ) 0 8 a, skjim 3 caw** 

«frSS©tSfH0T»5. JHKM3I2. HiSWlClS 

fc*£tt, (1) ¥!6i&ttl nPS«2 IK:, MBE«j 
tCiO. />H-yinzAl l-zAsg2 2 0*3 
3 0 0 nm ; ifflfiSitz = 0. 5 2), pIInzAl 1 
-zAs!2 3 0P3 1 0 0 nm ; HfljSJfcz = 0. 5 
2. 7fCiSfi«b<tLTBe*lXl 0 l? cm-3^tT) . y 




(5) 1$BI¥6-3 49 8 6 0 

>H-^InxGal-xAsl24 0*37. 5n 
m;ifi&Jtx = 0. 5 3), fiH-^12 5 (SHUT 
®»«5x 1 0 12 cm- 2) , jyY-~f\ nxGa 1 
-xAs!24 0*3 2. 5 nm ; &f£itx = 0. 5 
3) , />H-^I nzAll-zAsJS26 OPS 1 
0nm;ffi^z = 0. 5 2) tf&Cfc 
£, (2) MOVPEi£K:«fc9nI!I nxGa 1-xA 
sl2 7 (6 Onm ; ffl^Jtx = 0. 5 3. 
TS i £1 X 1 0 19 cm-3"£tJ) SaRjfcfiLfcHi© 
20 i^T, />H-^InxGal-xAs 

E2 4iS<fctf<5 5tt, ft^HtftS. 

[0 0 2 7] *£i6^©¥i»#gg£/BV>T'fe. *!fi 

Wiisitf 2 tragic, «BEVg s -v t h\z#tz>e 
m©4±9#©&gtt£*#<-f5;:i:at-Ci*, 
gmaig*<fiift*mjEVg s-V t hS/jN3<-T5i 

[0 0 2 8] *ffimtJt^T£JS0iJ3T«, 
St&S/ >K-7 1 nxGal-xAsB24©In 
Saj&itx**, o. 2tf>S0. 5 3tw^:fr<&l3. 
a? JHlC*^5«^©^»|fl[*^fS©T. gmSBfeS 

[0 0 2 9] **Jfi«y3ICfel>T», ^-v^jHftfcs 
J I nxGal-xAsl24®«ISItxS 

0. 5 3tLTt)5*«, fcdcitx&O. 53<fct3;*:£& 

45©Tgm*S %\Z^kttZ&tiktfit>%. 
[0 0 3 0] S&. *«MlM3-(*<b3llMM2 ^n«iC. 

JC««5 0*R»tT«JliUfc. 

5(7 [0 0 3 1] mBW2K*^T/>H-^I nxGa 1 
-xAsIl 4 ©£##i6IK©X*;i^-*Ptt^ S JUt 

pIG a A s JB 3 ©fi^fc«ox*;MF-«Ptt0x* 
JHr-»g©fl53jWKl0. 1 eV*C**©fc*tl/t, % 
«W3IC*^T/>H-^I nxGal-xAs!24 
fl!>e»#**OX*^*-Wtfc*rf* p£ I n z A 1 
1-zAsI23 ©fiW»*«OX*/WMPtt©X* 
;WF-(«©*3tttt0. 4eVt^<ftO, 

[0 0 3 2] (^J£034) 09[i, MKM4K«lt«¥ 
8J#gfi©»fHiaT-;&S. *JS^4tt. SdtMlOXB 

IX I nP«R*«V>TV»*38«. *Jfi«SJ3i»Si)Hljg*t 
S^S. Hlifi^4©*JS^J3i:S^-5Att. Pllnz 
A 1 1 -z AsH2 3©(Sfi«{C, y>H-^I nxG 
al-xAsB24 (J9S2. 5nm;ffl«J±x=0. 
5 3) , <5 K-^B2 5 (S ilB^Hjftfltl. 2X10 
12 cm-2) , nxGa 1 -xAsl24 

50 0fS5. 0 nm ; ifi^tbx = 0. 5 3). 5 H-^S 



-439- 



9 

2 5 (S i^mmm3. 8X10" cm-2) > jy 
H-^InxGal-xAsS24 (fS2. 5nm; 
iffi)£Jfcx=0. 53), / > 1 n z A 1 1 - z A 
s§26 (Mil Onm;ffi*SJtz = 0. 52) SrJ&fc 
figSLfcCfeJbS. pilnzAl 1-zAsS23 

F-7!#£H»Kl. Oxio il cm-2^t'J 
7^»ans©1?, EfflgO. 2xl0 1! cm-2» 
©**'J7#f8£f S. £&, SBSffiHtflUcStUT. 
¥«6iRttSS*^jS^6 F-7B*>£ffi«£*<j3. Ox 
1 0" cm-2#©**'J7a<«*3ns©T, ffifiS 
0. 8X1 0"cm-2#©**U7*<83ir£. 
[0 0 3 3] #&fcm©¥$ttgS*ffl^Tt>, 
0Jlfc^L3i:E8lC, SjBEVg s -V t htC*tf-5g 
m©£±B;&ffia«tt£:*:lr<TS 
g m&m*:mtt3iZ%l£V g s - V t h < "T-S i 

[0 0 3 4] *^J£«"J4t?fcmSW2*±^3 tl^SI 

^M»cmffi5 o sattrs^Lfc. 
[0 0 3 5] m&&\5 

0 1 0 11 ^SSW5i;i3tt5¥i»«:gBCD»rH0T$) 

T?*«. $HIM5tt*aKM3*J:ZM∋< I nPS 
*tfflV»TV»««t. HJ6W3*J;at4i:i|gffi«litAlS^ 
5. SS&m©£JS0J3:fc±^£Jlte3£tt, pa I 
nzAl l-zAsI23 ©J&g&K, J > F-7 I n 
xGal-xAsJg24 OMl. 5nm;fflj£Jtx = 
0 . 5 3), <5 K-yi 2 5 (S 1 S^EfflS 1.33 
xio ll cm-2) , />H-^I nxGa 1 -xAs 
®2 4 OPeE 5. 0 nm ; ffljifcifcx = 0. 5 3), 6 F 
— ^"JS 2 5 (Sijg^HfigO. 3 3X10 12 cm- 
2). />K-7l nxGa l-xAsf24 (Jf3 
2. Onm;ffij$Jtx = 0. 5 3) , 2 5 (S ilTFS 
iSS 3. 33X10" cm- 2) , J>Y—Zfl nxG 
al-xAs@24 0?S1. 5 nm ; &j£Jtx= 0. 
5 3) , />F-7l nzAl l-zAs!2 6 0?3 

1 Onm; J&$Jty = 0. 5 2) *JWto**l/&Cd:*C 
&£. pig InzAl 1 - z A s ® 2 3 ©plWHi$5?£ 
i«t8fc6C. ¥lfiftttSttlc*fe£»a F-7JB*> 

Oxio i, cm-2^t , J7)5!iBS3 

fit>3S^« H-^H*»6HJMr*53. OxiO l! cm- 
2»©**U7*i«»3*l*. UfctfoT, *9diM5 

mm&O. 3 3 X 1 0 ,J cm-2#©**U7a<«{£3s 

[0 0 3 6] :MtlM5 0**ttMftj|]»Tfe. *1R 
mttfr>l4fcpmc. «J£Vg8-VthC*tt-«g 

m©£±0 #©&<£££;*;# <TS 



(6) !$|l!¥6-34 9 8 6 0 
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gm*»ft*filt«:*«BEVg s - V t h*/Jv£ 

[0 0 3 7] **JS0i|5Ttt, £<5 F-7JI*&i3l*« 
U»««©*+U7#»4***|»fctto-a>*Ji«. » 

£-ra*v'J7©ag*&<3 F-TlBfiUSHTawtTfe 

DSHMCftftfl F-7Sa>558£f**v'J7©» 
S&Bi<-rSii:T. «BEVgs-Vth(c5(fr^gm 
©£± 0 #©&«££*£ < ? sattJUKM 

jo i tmmr&z. 

[0 0 3 8] *3Mtf 5T«¥!0MgM&HK:m5 

0 SKttTfciftUfc**, Z.tWny9V- FLASKS 

f*»***i-«i:fctt. Kdifliitt^u4 2:naiTft 

[0 0 3 9] 08, 9*5,ktfl Ofc*V>T. V-KSffi 
tftSJ'svh 8 0 JMttf enllnxG 

a 1 - x A s J3 2 7 ©JMM*ififcB**'C©y > F— :/ 
InzAll-zAs«26 ftN&l. *<Dtt£tfftC 
nl!¥*#B (fllAtfnS! I nzAll-zAsi) £ 

©T. gmffl*ra±a««SSj**ta55. 

[0 0 4 0] *SSffll^ViU5-r«. «?***U7& 
UT52£ 3 ICS i £ <5 F-^Jlfcffl^T^S 

*<, *?£*+U7£LTB£Sl*S;i£a*rSn«£ 
©«k5&7C#Tfc<fcK 

[0 04 1] JK1IM 1 fcH L 5 «, U 7JWffPT* 
3¥$#8B£^L-a>S#, *Y , J77)tIE?L-CJfe5¥ 
»*WI«fcOV>Tt( SEIWI 1 frl*L 5 ©^«©*ji<fe^ 
^HfiSffl^&FETSf^Jlf'&Ctt.fcoT. SJEV 
30 gB-VthK*rr«gm©4±0*C03Wttt***< 
-fSCtatTt. £:ttftgmfttflk*«fc&:.&«jEVgs 

-v t h*/ha<"raj:i«tT*a. &£u *vj7 
#*Jift i & vj 1 5 tttKjwmime, ussw 

l^ViL5IC*3^na¥«#JSSpi!*»ffJllC, p 
I!¥*#S£n3!¥i!J#Slc, « : F-*+^U7tLT58 

l/T»Sa**5c*i:l/TBe«J»*. U*»U 1$fcB 
etel8*!lttttt<, iE?L&*^U7iUT»^$*5 

[0 04 2] 

[55M©^*] gm*tg^:®t^5^ 
JEEV g s - V t h lC*(t5 F W-f >nffii>W2 < fl K) . 

^»s*sia^3-&sc:a:©Ttr?)#*ft:gflisa«T 

[@BB©f8Sm^i»^] 

[01] *»W©*«Wl©FET*ffl^feJ|i*#:Sa 
©WHHTft*, 
[02] *««©SIJfiWl©FET*ffl^fc#3M»«(i 
50 ©SifiieS 1 
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[03] #^©&tem©FET£m>fc¥$#g§ 
©Kiting® 2 
[04] #fS9!©*tSm©FET£^;fc¥«#:gfi 

[05] SJEEVgs-Vthi:h5>Xn>^^>X 
gm©Hfl$0-p&3. 

[06] *m#&Mfrp>*rV7<DmM&m£-e<omm 
[07] *&m<omffim2o>FE'r$:m*ft¥mft$iW 

[08] *^©*JS0}3 0FET£ffl^fc*#»Sfi 
©Egfffi0-C&5. 

[09] *%w<Dm&M4<DFET&mwz*m#mw 
©S0rffi0T&5. 

[010] *^©3IJSW5©FET&ffl^fc*»fli:S 
E©0rffi0-C&*. 

1 ¥IMfcttGaAs£fc 2 />H-^GaA 

si, 3 pIGaAsI. 4 / > H-^GaA 

si, 5 <5K-71, 7 nlGaAsl. 8- 

->3!/h*-Si, 9 t-Syjrtl, 14 

y>H-yinxGal-xAsf, 15 6 F— 7 



(7) !t$gg¥6-3 4 9 8 6 0 

S, 16 />h*-^A 1 yGa 1-yAsg, 21 

¥«6ig«I nPifi, 2 2 ;>F-^InzA 

1 1-zAsl, 23 pilnzAl 1-zAs 

Jl, 24 />F^InxGal-xAsi, 25 

6 H-^S, 2 6 ;>hWlnzAl 1-z 

AsB, 27 n$InxGal-xAs@, 50- 

•••«*, 101 0 8T^U^<8ii^*«i:SHt^ 

V>T^*JUI<!:&£un- InxGal-xAs|2 
4<Dj?^^^*fii&ttS«fi!l^e.7 nm^3j;r;2 nmtt 

i0 £3§£cdSE V g s - V t h IZ#-?Z> g mOftffig, 1 

0 2 ^ST^L^ig^^frSfitC^^T^V* 

JUt^un - I nxGa 1 -xAsB2 4£>JP££ 
¥*&g:ttg«fflM>6 4. 5nm:fc,fctf4. Bnmtbfc 
S^C^SBE V g s - V t h \Ztt?Z> gm©!RfttiS, 1 0 

3 m 8 T^LfcWig^^ffgglC^^T^^^ 

It^un- I nxGal-xAsI240f^^ 
*8ig«Sfcffl!^£ 2 nm^itf7 nm£ Ufc^^SBE 

Vgs-VthKMTSgm^ft&i^ 111 IBM 

DK#bT5$gm=A + B/D£, «»A*J:^B** 

a? ft^-ftTBI6+©jftl 0 1, 10 2; 10 3fc7*yT- 



imi] 



im2) 



(02) 




un-GaAsfl 

un-GaAsfl 
rvGaAsfl 
p-GaAsl 
un-GaAsfll 

¥*g*teQaAsS« 



' 4 un-GaAsl 

■ 3 p-GaAsA 

- 2 un-G&AsW 

1 ¥£li{£GaAs&& 



[03] 



(03) 



8 ->a-?h*-*« 




2 un-GaAsS 
1 **&«1*GaAs£4£ 



[B4] 



(EI4) 
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(8) 



$JBB¥6-3 4 9 8 6 0 



1.2 



1.0 



0.6 



0.2 



0.O 



[05] 
<BI5) 



me] 

(EtB) 



. 1 — 










101 






102 






103 



1.0 



m o.Q 



•0.2 0.0 0.2 0.4 0.6 
Vgs-Vlh (V) 



0.6 



0.8 



\ 111 




















\/ 






J103 







12 14 16 18 20 



[07] 



[08] 



<H7) 



^3 v J**- ffitf 




16 un-AJyGai-yAsfl 

14 un-fniGai-xAsJB 

15 * K-y* 

14 un-tnxGai iiAsJI 
7 n-GaAsH 
3 p-GaAsff 

2 un-GaAsB 



[09] 

8 >a 7 



9 t-?7 7«tt 



^^26 on-lnzAh-rAsJl 
^•24 un-lniGavxAeS 
. — 2SJK-yji _ 

' 24 un-lnxGai xAsB 
" 27 rvlnxGai-xAsW 

^23 p-lrttAH-zAaff 

"22 un-lnzAh-zAsfi 



■ 21 *tS*ttiJrP£« 
ZZHHSa- 50 




26 un-lnzAH-zAsS 

24 urv-lrixGai-iAsM 

25 6 K-7J» 

24 ur InxGai-itAsJB 

27 n-ln*Gal-xAfiJB 
23p-lnzAJlzAB» 

22 un-lnzAI1-zAsB 



21 *&J§tt1nP&t£ 



fl 0] 



(E110) 



8 >av^-M 9 

!6 un-lnzAli-zAs/B 
24 un-tmGai-iAMI 
—25 $ 

24u^|j^ 

24 un-lnxGai kAsB 

!4 un-ttoGai-xAsfi 
27 n-lrixGai-xAsH 

m 



23 p-lnzAJl-zAsI 
22un-lnzAh-zAsJi 

21 ¥£fitilnP**S 
50 *ti 
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